Phonic Canvas: The Art of Sound (PCASO) - The Research and Theory Behind the Integration of Music and Art Based on Natural, Psychological, and Neurobiological Perception by Davis, Douglas Alexander & Croke, Joshua D
Worcester Polytechnic Institute
Digital WPI
Interactive Qualifying Projects (All Years) Interactive Qualifying Projects
April 2014
Phonic Canvas: The Art of Sound (PCASO) - The
Research and Theory Behind the Integration of






Follow this and additional works at: https://digitalcommons.wpi.edu/iqp-all
This Unrestricted is brought to you for free and open access by the Interactive Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Interactive Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Davis, D. A., & Croke, J. D. (2014). Phonic Canvas: The Art of Sound (PCASO) - The Research and Theory Behind the Integration of Music
and Art Based on Natural, Psychological, and Neurobiological Perception. Retrieved from https://digitalcommons.wpi.edu/iqp-all/1940
	  	  	  	   Phonic	  Canvas:	  The	  Art	  of	  Sound	  (PCASO)	  The	  Research	  and	  Theory	  Behind	  the	  Integration	  of	  Music	  and	  Art	  Based	  on	  Natural,	  Psychological,	  and	  Neurobiological	  Perception	  	  An	  Interactive	  Qualifying	  Project	  Submitted	  to	  the	  Faculty	  of	  WORCESTER	  POLYTECHNIC	  INSTITUE	  In	  partial	  fulfillment	  of	  the	  requirements	  for	  the	  Degree	  of	  Bachelor	  of	  Science	  	  Submitted	  By:	  Joshua	  Croke	  Douglas	  Davis	  	  Date	  Submitted:	  December	  19,	  2013	  	  	  	  	  __________________________________________	  Dr.	  Vincent	  Joseph	  Manzo	   	  
	   2	  
Abstract	  	  The	  purpose	  of	  this	  paper	   is	  to	  explore	  the	  cross-­‐modality	  between	  music	  and	  art,	  with	   the	   theory	   that	   there	   are	   subconscious,	   biological,	   and	   psychological	   factors	  that	   are	  universal	   in	   the	   correlation	  of	   sonic	   processing	   and	   visual	   understanding	  within	   the	   brain.	   Music	   and	   art	   have	   existed	   in	   harmony	   throughout	   history	   and	  have	   established	   cultures	   and	   societies	   for	   generations,	   and	   our	   research	   proves	  there	   is	   a	   correlation	   between	   the	   two	  disciplines	   by	   linking	   established	   research	  with	  our	  own.	  We	  continue	   to	  seek	  out	  whether	   there	  are	  subconscious,	  universal	  correlations	   on	   how	  people	   visually	   interpret	  music	   and	   synthesize	   the	   variety	   of	  data	   known	   about	   the	   cross-­‐modality	   between	   music	   and	   visual	   comprehension.	  This	  leads	  to	  the	  proposal	  of	  a	  computer	  program	  that	  would	  generate	  art	  based	  on	  a	  set	  of	  sonic	  analyses	  that	  the	  computer	  was	  programed	  to	  quantify.	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Chapter	  1:	  Introduction	  	  Music	   and	   visual	   art	   are	   globally	   associated	   as	   creative	   outlets	   that	   are	  predominantly	  unique	  to	  humans.	  Both	  are	  forms	  of	  representing	  ideas	  or	  feelings	  that	   people	   experience	   and	   have	   experienced	   over	   the	   past	   millennia,	   and	   these	  creative	   forms	   have,	   in	   many	   ways,	   shaped	   the	   cultural	   fabric	   of	   civilization.	  Moreover,	  music	  and	  art	  have	  an	  ability	  to	  affect	  people	  emotionally,	  intellectually,	  and	  even	  spiritually	  and	  evoke	  a	  response	  that	  is	  unique	  to	  these	  arts	  and	  cannot	  be	  replicated	  by	  other,	  less	  creative,	  means.	  Music	  and	  art,	  while	  under	  the	  auspices	  of	  “the	   fine	   arts”,	   have	   seemed	   to	   remain	   fairly	   separate	   throughout	   history:	   distant	  relatives	  to	  a	  common	  ancestry	  of	  human	  creativity.	  What	  if	  music	  and	  art	  could	  be	  taken	   and	   adapted	   to	   represent	   their	   creative	   counterpart?	  Music	   becomes	   visual	  art;	  visual	  art	  becomes	  music.	  	  	  The	   goal	   is	   to	   determine	   how	   to	   make	   this	   audio-­‐visual,	   cross	   modal	   pairing	   by	  observing	   the	   methods	   and	   influences	   art	   has	   had	   on	   music	   and	   vice	   versa	   and	  suggest	   a	  way	   to	  apply	   that	  knowledge	   in	  a	   computer-­‐programming	  environment.	  Some	  of	  our	  research	  questions	  were	  to	  ask	  if	  there	  was	  a	  way	  to	  dig	  even	  deeper	  into	   how	   people	   perceive	   these	   two	   arts,	   and	   begin	   to	   understand	   how	   the	   brain	  interprets	   these	   signals,	   be	   it	   visual	   or	   auditory.	   If	   there	   was	   a	   commonality	   in	  peoples’	  perception	  of	  a	  piece	  of	  music	  relating	  to	  artistic	  elements,	  such	  as	  shape,	  form	  or	  color,	   this	  could	  open	  up	  a	  whole	  new	  world	  of	  understanding	  about	  why	  these	  artistic	  outlets	  bring	  people	  together;	  to	  simulate	  this	  relationship	  to	  music	  by	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developing	  a	  program	  that	  learns	  and	  adapts	  to	  the	  input	  provided	  by	  a	  large	  user	  base.	  	  Our	  research	  began	  with	  seeking	  to	  construct	  a	  program	  that	  would	  analyze	  music	  for	  its	  sonic	  qualities.	  The	  program	  would	  then	  take	  that	  data	  and	  translate	  it	  into	  its	  artistic	  counterpart.	  For	  example,	  the	  timbre	  of	  instruments	  in	  a	  certain	  section	  of	  a	  song	   would	   be	   analyzed	   (timbre	   is	   the	   quality	   of	   a	   tone	   or	   sound	   that	   makes	   it	  distinguishable	   from	   other	   sounds	   to	   the	   human	   ear	   –	   the	   scientific	   explanations	  and	  concepts	  are	  discussed	  further,	  later	  in	  this	  paper).	  This	  analysis	  would	  result	  in	  numerical	   data	   that	   would	   then	   be	   ascribed	   to	   an	   element	   in	   the	   art	   generation	  program.	  Figure	  1	  shows	  the	  basic	  process	  that	  would	  occur	  for	  each	  analysis:	  	  
	  
Figure	  1:	  PCASO	  -­‐	  Basic	  Program	  Process	  The	  intent	  was	  to	  develop	  this	  program	  in	  such	  a	  way	  that	  it	  minimized	  the	  amount	  of	   arbitrary	   decisions	   made	   when	   generating	   the	   art	   from	   the	   music:	   to	   try	   and	  understand	  the	  visual	  associations	  the	  brain	  naturally	  makes	  when	  hearing	  certain	  sounds,	   chords,	   timbres,	   etc.,	   acting	   on	   the	   presupposition	   that	   the	  way	   the	   brain	  handles	  this	  cross-­‐modal	  perception	  is,	  to	  some	  extent,	  universal.	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Chapter	  2:	  Background	  Research	  	  	  
Introduction	  to	  the	  Problem	  Throughout	   history,	   music	   has	   been	   paired	   with	   color,	   brightness	   and	   hues,	   to	  communicate	  an	  emotional	  feeling	  or	  idea.	  The	  very	  nature	  of	  visual	  art,	  along	  with	  form	  and	  shape,	  is	  color.	  Deciding	  what	  colors	  to	  use	  and	  why	  is	  an	  important	  step	  in	  the	  creative	  process	   for	  all	  artists.	  Therefore,	  understanding	  the	   impact	  of	  color	  on	  the	  human	  brain,	  both	  psychologically	  and	  symbolically,	  is	  crucial.	  The	  inverse	  is	  also	   extremely	   important:	   trying	   to	   discover	   if	   music	   (auditory	   signals)	   trigger	  certain	  visualizations	  such	  as	  color	  and	  form.	  	  	  Taking	  into	  account	  the	  research	  on	  color	  and	  form,	  the	  decision	  still	  has	  to	  be	  made	  as	   to	   what	   elements	   of	   the	   music	   affect	   those	   different	   parameters.	   Since	   the	  finished	   art	   piece	  will	   be	   a	   static	   image,	   like	   a	   painting,	   there	   is	   no	  way	   to	   show	  movement	   or	   change	   as	   in	   dynamically	   generated	   sonic	   visualizers	   that	   show	   the	  development	   of	   time.	   Visualizers	   such	   as	   this	   render	   real	   time	   animations	   based	  mostly	  on	  the	  amplitude	  changes	  that	  occur	  throughout	  the	   life	  of	  an	  audio	   file.	   In	  order	   to	   represent	   these	   changes	   visually	   on	   a	   fixed	   canvas,	   consideration	   of	   the	  space	  will	  be	  important.	  	  	  Because	  of	  the	  nature	  of	  sound,	  a	  song	  is	  finite;	  it	  has	  an	  irrevocable	  beginning	  and	  end.	   Music	   and	   sound	   move	   through	   time,	   whereas	   a	   work	   of	   visual	   art	   exists	  outside	  of	   time;	   it	   is	  up	  to	  the	  viewer	  to	  decide	  how	  long	  he/she	   looks	  at	   it.	  Given	  that	  consideration,	  representing	  the	  dynamic	  qualities	  of	   time-­‐sensitive	  music	   in	  a	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fixed	  space	  that	  is	  not	  dynamic	  is	  an	  interesting	  concept	  to	  try	  and	  execute.	  Use	  of	  space,	   color,	   line,	  density	  of	   forms,	  and	  negative	  space	  all	  need	   to	  be	  well	   thought	  out	  or	  rather,	  studied,	  in	  order	  to	  properly	  express	  this	  quality	  of	  sound	  visually	  and	  how	  it	  relates	  to	  natural,	  neurobiological	  perception.	  	  
2.1	  Introduction	  to	  the	  Music	  	  Technological	  advancements	   in	  sound	  processing	  allow	  for	  the	  dissection	  of	  music	  down	  to	  its	  sonic	  qualities	  (frequency	  spectrum,	  timbre,	  tonality,	  and	  other	  similar	  musical	  elements).	  However,	   there	   is	   significant	   future	  development	   that	  needs	   to	  happen	  between	  these	  two	  disciplines	  (sonic	  analysis	  and	  music	  theory	  analysis)	  in	  order	   for	  more	   accurate	   research	   to	   occur	   in	   the	   field	   of	   cross-­‐modal	   perception	  between	   music	   and	   visualization	   within	   the	   brain.	   However,	   there	   are	   many	  programs	  in	  existence	  that	  are	  working	  on	  analyzing	  the	  sonic	  properties	  of	  sound	  and	   are	   useful	   for	   various	   reasons	   outside	   of	   our	   current	   field	   of	   study	   (building	  acoustics,	   sound	   recording	   technologies,	   psychoacoustic	   research,	   audio	   product	  development	  such	  as	  speakers	  and	  microphones,	  and	  more).	  Refining	  this	  science	  to	  encompass	  qualities	  of	  music	  that	  composers	  and	  musicians	  consider,	  such	  as	  chord	  structures,	   pitch,	   timbre,	   rhythm	   and	   tempo,	   takes	   even	   more	   dissection	   and	  manipulation	   of	   the	   sonic	   data	   given	   by	   audio	   analyzers	   (this	   is	   where	   the	  technology	  is	  currently	  lacking).	  	  	  The	  company	  MathWorks’	  product	  MATLAB	  is	  a	  robust	  programming	  language	  for	  numerical	  computation,	  visualization,	  and	  programming	  and	  has	  a	  Sound	  Processing	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Toolbox,	  which	  provides	  sonic	  analyses	  like	  the	  aforementioned	  dissection	  of	  music	  that	  would	  be	  very	  useful	   for	  the	  purpose	  of	  the	  PCASO	  program.	  Furthermore,	  an	  additional	  program	  has	  been	  developed	  for	  the	  MATLAB	  Signals	  Processing	  Toolbox	  outside	  of	  MathWorks	  that	  is	  dedicated	  to	  retrieving	  musical	  information	  from	  these	  analyses.	  The	  Musical	  Information	  Retrieval	  toolbox	  (MIRtoolbox)	  provides	  a	  great	  deal	   of	   information	   pertaining	   to	   sound	   brightness,	   roughness,	   instances	   of	  dissonance	   (dissonance	  is	   the	  musical	   term	   for	  clashing,	  or	  close,	  notes	   that,	  when	  played	  together,	  seem	  to	  be	  in	  conflict	  with	  each	  other),	  tempo	  estimation,	  detection	  of	  notes	  attack,	  density,	  pitch,	  and	  more.	  There	  are	  many	  programs	  that	  have	  similar	  functions,	   such	   as	   MAX/MSP,	   as	   well	   as	   free	   programs	   such	   as	   Sonic	   Visualizer.	  However,	   the	  MIRtoolbox	   is	   quite	   robust	   and	  would	   be	  well	   suited	   for	   the	  music	  analysis	  part	  of	  PCASO.	  	  	  The	  problem	  that	  will	  be	  faced	  in	  regards	  to	  the	  music	  is	  finding	  and	  understanding	  the	  sonic	  analysis	  programs	  that	  will	  be	  beneficial	  for	  the	  project	  and	  relating	  that	  sonic	   data	   to	   its	   music	   theory	   counterparts.	   In	   order	   to	   test	   people’s	   visual	  perception	   of	   sound,	   there	   needs	   to	   be	   a	   way	   to	   quantify	   it	   and	   create	   a	   visual	  element	  that	  can	  be	  compared	  by	  a	  group	  of	  people	  based	  off	  of	  the	  specific	  analysis	  of	  one	  musical	  element.	  Once	  this	  can	  be	  solidified,	  a	  program	  can	  be	  developed	  that	  allows	   users	   to	   interact	   with	   and	   gives	   them	   the	   ability	   to	   record	   a	   musical	  parameter	  that	  they	  find	  relates	  to	  a	  given	  visual	  stimulus.	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2.2	  Introduction	  to	  the	  Art	  	  There	   are	   many	   projects	   that	   have	   arisen	   in	   the	   past	   few	   decades	   that	   have	  integrated	  elements	  of	  art	  and	  music	  to	  create	  paintings,	  mixed	  media	  works,	  music	  ekphrasis	  (from	  the	  Greek:	  imagery	  or	  art	  that	  is	  produced	  with	  rhetorical	  intent)1,	  and	  more	  that	  are	  bringing	  these	  two	  creative	  practices	  closer	  together.	  	  A	   large	   inspiration	   for	   the	   idea	  behind	   the	  PCASO	  program	  was	   the	  desire	   to	   find	  physical	   commonalties	   between	   music	   and	   art	   coming	   from	   the	   study	   of	   the	  Russian-­‐born	  abstract	  artist,	  Wassily	  Kandinsky.	  Kandinsky	  attributes	  his	  decision	  to	   becoming	   an	   artist	   to	   the	   composer	   Richard	   Wagner’s	   opera	   Lohengrin.	  Kandinsky	  felt	  that	  there	  were	  elements	  to	  music	  that	  were	  not	  found	  in	  art.	  He	  said	  that:	  	  
Music	   expresses	   itself	   through	   sound	   and	   time,	   it	   allows	   the	   listener	   a	   freedom	   of	  
imagination,	  interpretation,	  and	  emotional	  response	  that	  is	  not	  based	  on	  the	  literal	  or	  
the	   descriptive,	   but	   rather	   on	   the	   abstract	   quality	   that	   painting,	   still	   dependent	   on	  
representing	  the	  visible	  world,	  could	  not	  provide.2	  Music	   inspired	   Kandinsky	   to	   create	   works	   in	   the	   abstract,	   and	   similarly	   PCASO	  would	  as	  well.	  Although	  PCASO’s	  aim	  would	  be	  to	  create	  works	  of	  art	  based	  on	  how	  humans	   perceive	   sound,	   it	   will	   not	   discount	   music’s	   inherent	   ability	   to	   affect	  individuals	  differently.	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  Ekphrasis	  definition.	  Wikipedia.com.	  http://en.wikipedia.org/wiki/Ekphrasis	  2	  Dabrowski,	  Magdalena.	  1997.	  Kandinsky	  Compositions.	  Harry	  N.	  Abrams.	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Rather,	   our	   research	   seeks	   to	   find	   subconscious,	   or	   semi-­‐conscious,	   visual	  components	   that	   arise	   from	   a	   person	   listening	   to	   music	   that	   is	   common	   to	   the	  majority	  of	  people.	  These	  connections	  could	  be	  minimal	  or	  they	  could	  be	  significant,	  but	  it	  is	  also	  important	  to	  remember	  that	  everyone	  who	  listens	  to	  a	  piece	  of	  music,	  or	  looks	  at	  a	  piece	  of	  art,	  will	  have	  a	  different	  experience	  –	  it’s	  the	  ability	  to	  quantify	  that	   experience	   and	   find	   similarities	   that	   peak	   the	   interest	   of	   this	   research.	   By	  nature,	   the	   art	   that	   PCASO	   would	   generate	   would	   be	   similar	   to	   Kandinsky	   in	   its	  abstraction,	   and	   it	   is	   the	   abstraction	   that	   allows	   an	   amount	   of	   interpretation	   that	  will	  be	  different	  for	  each	  viewer.	  	  
	  
Figure	  2:	  On	  White	  II	  (1923)	  by	  Wassily	  Kandinsky	  More	  interpretation	  of	  music	  and	  art’s	  relationship	  has	  been	  done	  all	  over	  the	  world.	  London-­‐born	   artist	   Tim	   Bavington	   draws	   his	   creative	   inspiration	   from	   musical	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works	  as	  well.	  He	  constructs	  3D	  models	  inspired	  by	  works	  such	  as	  Aaron	  Copland’s	  “Fanfare	  for	  the	  Common	  Man”	  as	  seen	  in	  Exhibit	  2.3	  
	  
Figure	  3:	  Aaron	  Copland's,	  "Fanfare	  for	  the	  Common	  Man"	  by	  Tim	  Bavington	  What	  makes	  PCASO	  stand	  apart	  from	  works	  like	  Bavington’s	  is	  the	  commitment	  to	  try	   and	   understand	   how	   music	   visually	   affects	   the	   human	   psyche,	   whether	   it	   be	  subconscious	   or	   not.	   It	   is	   in	   that	   regard	   that	   this	   research	   faces	   one	   of	   its	   largest	  hurdles	   –	   how	   to	   make	   these	   determinations.	   Bavington,	   as	   an	   artist,	   is	   making	  decisions	   to	  present	  his	  art	   in	  a	  very	  specific	  way.	  PCASO’s	  aim	  would	  be	   to	  make	  these	   decisions	   from	   a	   more	   scientific,	   psychological,	   and	   cognitive	   platform.	  Granted,	  there	  will	  be	  artistic	  decisions	  that	  will	  have	  to	  be	  made	  that	  are	  less	  than	  scientific,	  especially	  with	  the	  onset	  of	  the	  program	  because	  it	  will	  need	  a	  foundation	  from	   which	   to	   launch	   before	   it	   starts	   gauging	   user	   input.	   As	   in	   any	   research	  endeavor,	   the	   assumptions	   being	  made	  may	   be	   incorrect	   and	   the	   art	  may	   end	   up	  more	   random	   than	   not	   however,	   the	   goal	   is	   to	   try	   and	   minimize	   randomness	   as	  much	  as	  possible.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3	  Keen,	  Jarret.	  BLVDSLV.	  February	  2012.	  “Open	  Chords	  Tim	  Bavington	  Renders	  His	  Musical	  Paintings	  Into	  Public	  Art	  at	  Symphony	  Park”.	  http://www.blvdslv.com/design/open-­‐chords-­‐tim-­‐bavington-­‐renders-­‐his-­‐musical-­‐paintings-­‐into-­‐public-­‐art-­‐at-­‐symphony-­‐park/	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  Another	  project	  that	  helped	  inspire	  the	  research	  of	  the	  PCASO	  program	  is	  the	  work	  being	  done	  by	  the	  company	  Epic	  Frequency	  –	  co-­‐founded	  by	  Bill	  Seaver	  and	  Nathan	  Moore.	  They	  are	  creating	  large	  waveforms	  of	  famous	  speeches,	  quotes,	  and	  readings	  and	  printing	  them	  out	  to	  use	  as	  art.4	  What	  is	  really	  interesting	  about	  this	  project	  is	  what	   becomes	   apparent	   when	   the	   waveform	   art	   is	   viewed	   along	   with	   the	   actual	  sound	   file	   from	  which	   it	  was	   created.	   Speech	  patterns	   fluctuate	   similarly	   to	   songs	  and	  one	   can	   see	  by	   looking	  at	   a	  waveform	  where	   there	  are	  builds	   and	   swells	   and	  more	  intense	  moments.	  Seaver	  discussed	  his	  comparison	  of	  Martin	  Luther	  King’s	  “I	  Have	  a	  Dream”	  speech	  to	  President	  Barrack	  Obama’s	  inauguration	  speech,	  “you	  can	  see	  where	  Dr.	  King	  really	  inspired	  the	  crowd	  and	  you	  also	  get	  a	  sense	  of	  his	  speaking	  style…	  Obama’s	  speaking	  style	  is	  similar	  when	  you	  compare	  the	  two.”	  Exhibits	  3	  and	  4	  show	  how	  similar	  these	  two	  speeches	  are.	  Notice	  the	  seemingly	  rhythmic	  pattern	  to	   their	   voices	   and	   how	   the	   speeches	   seem	   to	   swell	   and	   gain	   momentum	   in	   the	  middle.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4	  Flaherty,	  Joseph.	  Wired.	  October	  2012.	  “Epic	  Frequency	  Turns	  Audio	  Files	  Into	  Wall	  Art”.	  http://www.wired.com/design/2012/10/audio-­‐file-­‐wall-­‐art/	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Figure	  4:	  Waveform	  of	  Martin	  Luther	  King's	  "I	  Have	  a	  Dream"	  Speech	  
	  
Figure	  5:	  Waveform	  of	  President	  Barrack	  Obama's	  Inaugural	  Address	  The	   J.	   Paul	  Getty	  Museum	  defines	   the	   elements	  of	   art	   as	   line,	   shape,	   forms,	   space,	  color,	  and	  texture.5	  Art	  is,	   for	  all	   intents	  and	  purposes,	   infinite.	  The	  combination	  of	  all	  of	  these	  elements	  and	  how	  the	  artist	  chooses	  to	  utilize	  them	  is	  never-­‐ending,	  but	  if	  you	  break	  art	  down	  to	  its	  core	  components,	  it	  is	  easier,	  albeit	  still	  challenging,	  to	  quantify	   the	   decisions	   that	   an	   artist	   has	   to	  make.	   This	   consideration	   is	   important	  when	  thinking	  about	  the	  integration	  of	  art	  and	  music	  –	  especially	  since	  the	  goal	  of	  this	   project	   is	   to	   inspire	   a	   way	   to	   link	   the	   two	   together.	   Taking	   into	   account	   the	  research	   on	   these	   artistic	   elements,	   the	   decision	   still	   has	   to	   be	   made	   as	   to	   what	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  5	  Elements	  of	  Art	  –	  Understanding	  Formal	  Analysis.	  Education	  at	  the	  J.	  Paul	  Getty	  Museum.	  2011.	  http://www.getty.edu/education/teachers/building_lessons/elements_art.pdf	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elements	  of	  the	  music	  effect	  those	  different	  parameters.	  Since	  the	  finished	  art	  piece	  is	   a	   static	   image,	   there	   is	   no	   way	   to	   show	   movement	   or	   change	   in	   the	   audio	  dynamically,	  like	  many	  sonic	  visualizers	  do	  that	  are	  time	  sensitive.	  Visualizers	  such	  as	   this	   render	   real	   time	   animations	   based	   mostly	   on	   the	   audio	   files’	   amplitude	  changes	  throughout	  the	  life	  of	  the	  piece.	  In	  order	  to	  represent	  these	  changes	  visually	  on	  a	  fixed	  canvas,	  consideration	  of	  the	  space	  will	  be	  important.	  An	  incredible	  project	  that	  deals	  with	  the	  concept	  of	  representing	  music	  in	  a	  fixed	  space	  is	  that	  of	  the	  team	  at	   Born	   of	   Sound.	   Husband	   and	   wife	   duo	   Ashik	   Mohan	   and	   Jenelle	   Mohan	   have	  developed	  a	  way	  to	  visualize	   the	  movement	  of	  sound	  through	  the	  air	  and	  create	  a	  stunning	   work	   of	   visual	   art	   to	   accompany	   this	   natural,	   scientific	   process.	   The	  process	   not	   only	   considers	   frequency	   and	   amplitude,	   but	   also	   air	   turbulence	   and	  density,	  and	  the	  result	  is	  quite	  remarkable.	  Jenelle	  describes	  the	  process	  artistically,	  saying,	   “A	  sound-­‐form	  is	  a	   time	  capsule	  as	  well	  as	  a	   time	  machine…	  A	  sound-­‐form	  allows	   someone	   to	   go	   back	   in	   time	   and	   see	   what	   a	   specific	   moment	   would	   have	  looked	  like	  if	  they	  could	  have	  seen	  that	  sound	  at	  the	  time	  it	  was	  made;	  it’s	  a	  way	  to	  connect	  to	  the	  future	  and	  the	  past.”6	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  6	  Palladino,	  Valentina.	  New	  Service	  Creates	  Twisting,	  Etheral	  Images	  from	  Audio	  Files.	  Wired	  Magazine.	  March	  2013.	  http://www.wired.com/design/2013/03/born-­‐of-­‐sound-­‐audio-­‐art/?utm_source=Contextly&utm_medium=RelatedLinks&utm_campaign=MoreRecently#slideid-­‐146732	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Figure	  6:	  A	  Napa	  Valley	  winemaker	  captured	  the	  pop	  of	  a	  cork	  and	  pour	  into	  a	  glass	  of	  his	  2010	  Napa	  
Valley	  Cabernet	  for	  its	  first	  tasting.	  It	  appears	  that	  there	  is	  no	  definite	  equivalent	  when	  trying	  to	  make	  the	  comparison	  between	   elements	   of	   music	   and	   art,	   but	   there	   are	   certain	   aspects	   of	   these	   two	  mediums	  that	  have	  been	  studied,	  such	  as	  frequency	  ranges	  eliciting	  visions	  of	  color	  –	  specifically	  brightness	  and	  many	  more,	  that	  are	  a	  testament	  to	  our	  theory.	  	  
2.3	  The	  Science	  and	  Theory	  of	  Music	  	  Music	  is	  a	  product	  of	  our	  manipulation	  of	  sound;	  a	  scientific	  phenomenon	  that	  can	  be	   explained	   by	   understanding	   some	   of	   the	   physical	   properties,	   as	   well	   as	   the	  theory,	  that	  music	  is	  built	  on.	  An	  elementary	  understanding	  of	  the	  science	  of	  sound	  is	   important	   to	   understand	   when	   looking	   at	   a	   project	   of	   this	   nature	   due	   to	   the	  natural	  organization	  and	  potential	  correlations	  that	  can	  be	  found	  within	  it.	  	  	  Since	   the	   focus	   of	   this	   study	   is	   on	   music,	   as	   opposed	   to	   sound	   in	   general,	   it	   is	  important	   to	   understand	   what	   separates	   noise	   from	   note.	   There	   is	   an	   important	  distinction	   to	  make	  when	   discussing	  music	   and	   science:	  when	   discussing	  musical	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terms	  such	  as	  pitch,	  it	  is	  in	  reference	  to	  a	  perceptual	  property	  of	  sound	  as	  opposed	  to	  its	  scientific	  counterpart,	  frequency,	  which	  is	  a	  physical	  property	  of	  sound.	  	  	  Dan	  Hosken	   defines	   the	   physical	   properties	   of	   sound	   generation	   like	   this:	   “Sound	  waves	   are	   generated	   when	   air	   molecules	   are	   pushed	   together,	   allowed	   to	   spring	  apart,	  and	  then	  pushed	  together	  again	  in	  a	  repeating	  pattern.”7	  This	  pattern	  is	  called	  compression	  (when	  the	  air	  is	  compressed)	  and	  rarefaction	  (when	  the	  air	  molecules	  move	   apart).	   Frequency,	   then,	   is	   “measure	   by	   the	   number	   of	   cycles	   of	  compression/rarefaction	   that	   occur	   per	   second”	   –	   referred	   to	   as	   hertz	   (Hz).8	  The	  widely	   accepted	   and	   most	   beneficial	   way	   of	   representing	   sound	   visually	   is	   by	  notating	  the	  waveform	  of	  the	  sound.	  The	  waveform	  is	  a	  graph	  that	  maps	  the	  change	  in	  air	  pressure	  on	  the	  x-­‐axis	  while	  measuring	  time	  on	  the	  y-­‐axis.	  The	  rise	  and	  fall	  in	  pressure	  also	  represents	  a	  change	   in	  amplitude	  (loudness).	  Figures	  2	  and	  3	  give	  a	  visual	  depiction	  of	  what	  this	  looks	  like.	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  7	  Hosken,	  Dan.	  2011.	  An	  Introduction	  to	  Music	  Technology.	  Routledge.	  p	  7-­‐9.	  8	  Hosken,	  Dan.	  2011.	  An	  Introduction	  to	  Music	  Technology.	  Routledge.	  p	  19.	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Figure	  7:	  Two	  waves	  of	  different	  frequencies	  with	  the	  same	  amplitude	  	  
	  
Figure	  8:	  Two	  waves	  of	  identical	  frequency	  with	  different	  amplitude	  Table	   2.1	   summarizes	   the	   perceptual	   properties	   of	   sound	   as	   they	   relate	   to	   their	  physical	   counterparts.	   A	   definition	   of	   the	   musical	   terms	   is	   also	   listed	   below	  (gathered	  from	  the	  Merriam-­‐Webster	  Dictionary).	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Table	  1	  Perceptual	  Properties	  of	  Music	  and	  Their	  Physical	  Equivalents	  
Perceptual	  Properties	   Physical	  Properties	  
Pitch	   Frequency	  
Loudness	   Amplitude	  
Timbre	   Waveform	  
Articulation	   Amplitude	  Envelope	  
Rhythm	   Transient	  Patterns	  
Table	  1:	  Perceptual	  Properties	  of	  Music	  and	  Their	  Physical	  Equivalents	  *guideline	  for	  table	  developed	  from	  Hosken’s	  “An	  Introduction	  to	  Music	  Technology”	  2011.	  
Pitch	  –	  the	  property	  of	  a	  sound	  and	  especially	  a	  musical	  tone	  that	  is	  determined	  by	  the	  frequency	  of	  the	  waves	  producing	  it:	  highness	  or	  lowness	  of	  sound	  
Loudness	  –	   the	  attribute	  of	  a	  sound	  that	  determines	  the	  magnitude	  of	   the	  auditory	  sensation	  produced	  and	  that	  primarily	  depends	  on	  the	  amplitude	  of	  the	  sound	  wave	  involved	  
Timbre	   –	   the	   quality	   of	   tone	   distinctive	   of	   a	   particular	   singing	   voice	   or	   musical	  instrument	  
Articulation	  –	  articulation	  refers	  to	  the	  musical	  performance	  technique	  that	  affects	  the	  transition	  or	  continuity	  on	  a	  single	  note,	  or	  between	  multiple	  notes	  or	  sounds	  (the	  
definition	   for	   “articulation”	  was	  acquired	   from	  Wikipedia.com	  due	   to	   lack	  of	  definition	  on	  Merriam-­‐Webster	   for	   its	  musical	  definition)	  
Rhythm	   –	   the	   aspect	   of	  music	   comprising	   all	   the	   elements	   (as	   accent,	   meter,	   and	  tempo)	  that	  relate	  to	  forward	  movement	  	  It	   is	   important	   to	  make	   the	   distinction	   between	   harmonic	   sound	   and	   inharmonic	  sound.	   Harmonic	   sound	   is	   a	   fundamental	   frequency	   that	   also	   resonates	   what	   are	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called	  overtones	  (frequencies	  that	  are	  sounded	  above	  the	  fundamental).	  This	  is	  the	  reason	  humans	  can	   identify	  specific	   instruments	  and	  voices	  as	  being	  different	  and	  unique	  unto	  themselves.	  Dan	  Hosken’s	  figure	  (Figure	  4)	  is	  a	  great	  way	  to	  look	  at	  the	  relation	  between	   the	  pitch	   class	   (note)	   and	   the	   related	   frequency.	  He	   also	  defines	  this	  phenomenon	  quite	  well	  by	   saying	   that,	   “sounds	  whose	   frequencies	   follow	   the	  overtone	  series	  are	  referred	  to	  as	  “harmonic,”	  and	  sounds	  whose	  frequencies	  do	  not	  follow	  the	  overtone	  series	  are	  referred	  to	  as	  “inharmonic”…	  most	  of	   the	  sounds	   in	  the	  world	  are	  inharmonic,	  but	  many	  of	  the	  sounds	  that	  we	  are	  concerned	  about	  in	  music…	  are	  harmonic.”9	  
	  
Figure	  9:	  The	  first	  16	  partials	  of	  the	  overtone	  series	  built	  on	  A2	  (From	  Holmes,	  2011)	  Rather	   than	   placing	   too	   much	   focus	   on	   the	   science	   of	   the	   overtone	   series,	   it	   is	  important	   to	  note	  how	  significant	  overtones	  are	   in	   the	  composition	  of	  sounds	  and	  how	  integral	  they	  are	  to	  our	  understanding	  of	  music	  theory.	  The	  interval	  of	  a	  fifth	  is	  derived	  from	  the	  2nd	  most	  prominent	  overtone	  in	  the	  series	  next	  to	  the	  fundamental.	  The	  Circle	  of	  Fifths	  was	  developed	  as	  a	  method	  of	  organization	   for	  musicians	  and	  plots	  notes	  (pitches)	  in	  a	  circular	  fashion,	  where	  each	  note	  is	  flanked	  by	  a	  fifth	  above	  and	  a	   fifth	  below	   itself.	  This	  helps	   in	   the	  understanding	  of	   tonal	  relationships	   that	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  9	  Hosken,	  Dan.	  2011.	  An	  Introduction	  to	  Music	  Technology.	  Routledge.	  p	  33.	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musicians	  consider	  when	  learning	  music	  theory	  and	  lays	  out	  a	  logical	  progression	  of	  how	  key	  signatures	  work	  when	  composing	  music.	  	  
	  
Figure	  10:	  The	  Circle	  of	  Fifths10	  An	   experiment	   run	   by	   Lola	   Cuddy	   of	   Queen’s	   University	  was	   done	   that	   sought	   to	  determine	  if	  “various	  sequential	  mixtures	  of	  tonal	  centers	  would	  follow	  the	  general	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10	  Chappell,	  John.	  The	  Circle	  of	  Fifths	  Explained.	  January	  2013.	  http://www.harmonycentral.com/t5/Lessons-­‐Theory/The-­‐Circle-­‐of-­‐Fifths-­‐Explained/ba-­‐p/34654871	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principles	   of	   color	   mixture”	   –	   an	   interesting	   idea	   considering	   the	   topic	   of	   this	  project.	   In	   this	   paper,	   Cuddy	   reports	   that	   studies	   in	   reference	   to	   tonal	   sequence	  show	  that	  “one	  cue	  affecting	  memory	  is	  the	  degree	  to	  which	  the	  melody	  conveys	  a	  sense	   of	   key	   or	   tonal	   center.”	   Further	   studies	   in	   her	   experiments	   revealed	   that	  subjects,	  when	  asked	  to	  rate	  a	  note	  based	  on	  how	  well	  it	  fit	  into	  a	  sequence	  given	  a	  major	  triad	  (the	  triad,	  in	  music,	  sets	  the	  fundamental	  note	  and	  gives	  a	  musician	  the	  sense	  of	  the	  key	  that	  the	  piece	  of	  music	  is	  set),	  “reliably	  produced	  a	  preference	  for	  ‘doh’	  as	  a	  tonic;	  ‘fa’	  and	  ‘sol’	  were	  the	  secondary	  choices.”11	  This	  is	  quite	  interesting	  due	   to	   the	   fact	   that	   ‘fa’	   and	   ‘sol’	   (the	   4th	   and	   5th	   degrees	   of	   a	   major	   scale)	   were	  favored	  second	  to	  the	  tonic	  ‘do’	  since	  they	  flank	  ‘do’	  in	  the	  Circle	  of	  Fifths.	  
	  
Figure	  11:	  Basic	  Analysis	  of	  Scale	  Degrees	  by	  Various	  Titles	  (note	  name,	  frequency,	  solfege,	  scale	  degree	  &	  name)	  These	   associations	   seemingly	   draw	   back	   to	   the	   prominence	   of	   the	   present	   5th	  relationships	   in	   the	   overtone	   series	   relating	   to	   a	   certain	   tone/note.	   Therefore,	   if	  these	  connections	  can	  be	  made	  through	  the	  scientific	  understanding	  of	  sonic	  input,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  Cuddy,	  Lola.	  “The	  Color	  of	  Melody”.	  Queen’s	  University	  at	  Kingston	  and	  the	  Regent’s	  Office	  at	  the	  University	  of	  California.	  Music	  Perception	  –	  Spring	  Issue	  1985,	  Vol.	  2,	  No.	  3,	  345-­‐360.	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it	  is	  possible	  that	  there	  are	  similar	  equivalents	  in	  how	  people	  perceive	  art	  as	  a	  visual	  input.	  	  
2.4	  The	  Psychology	  and	  Biology	  of	  Music	  and	  Art	  	  There	  have	  been	  a	  significant	  amount	  of	  studies	  done	  on	  the	  connections	  between	  music	   and	   art	   from	   a	   psychological	   standpoint,	   and	   similar	   areas	   that	   all	   try	   to	  understand	   the	   relationships	  music	  and	  art	  play	   into	  our	  chemical	   functions	  –	   the	  cultural	  functions	  are	  rather	  clear.	  But	  why	  do	  music	  and	  art	  play	  such	  a	  large	  part	  in	  the	  makeup	  of	  cultures	  and	  peoples?	  And	  do	  people	  have	  biological/neurological	  capabilities	   to	   understand	   them	   or	   are	   these	   disciplines	   solely	   learned?	   A	   study	  done	   by	  Dr.	   Stefan	  Koelsch	   at	   the	  Max	   Planck	   Institute	   of	   Cognitive	  Neuroscience	  measured	   the	   brain	   responses	   activated	   by	   the	   playing	   of	   an	   irregular	   chord	  function	   in	   musicians	   and	   non-­‐musicians	   alike.	   The	   ability	   to	   measure	   brain	  responses	  relating	  to	  the	  processing	  of	  a	  musical	  structure	  electronically	  had	  been	  previously	  determined.	  Dr.	  Koelsch’s	   findings	   “that	   irregular	   chord	   functions	   (that	  do	   not	   represent	   a	   physical	   irregularity)	   elicit	   brain	   responses	   in	   non-­‐musicians	  indicate	  that	  the	  acquisition	  of	  knowledge	  about	  musical	  regularities,	  as	  well	  as	  the	  processing	  of	  musical	  information	  according	  to	  these	  regularities,	  is	  a	  general	  ability	  of	  the	  human	  brain.”12	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  12	  Koelsch,	  Dr.	  Stefan.	  Investigating	  the	  Neural	  Basis	  of	  Processing	  Structure	  in	  Music.	  8th	  International	  Conference	  on	  Music	  Perception	  &	  Cognition.	  Evanston,	  IL.	  2004.	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There	   are	   natural	   responses	   that	   the	   body	   has	   that	   can	   seemingly	   give	   insight	   to	  why	  people	  function	  in	  certain	  ways.	  Consider	  the	  phenomena	  of	  hearing	  a	  siren	  in	  the	  distance,	  and	  as	  it	  gets	  closer	  to	  you	  the	  pitch	  of	  the	  siren	  appears	  to	  rise	  –	  the	  inverse	   is	   true	  as	   the	  vehicle	  passes	  you.	  This	   is	   the	  Doppler	  effect	  at	  work:	  as	  an	  object	  emitting	  sound	  moves	  closer	  to	  a	  source,	  the	  resonating	  frequencies	  actually	  move	  closer	  and	  closer	   together	  because	  of	   the	  movement	  of	   the	  vehicle,	  which	   is	  perceived	   as	   changing	   pitch.	   Interestingly	   enough	   however,	   Zohar	   Eitan	   from	   the	  Department	   of	   Musicology	   at	   Tel	   Aviv	   University	   and	   Roni	   Granot	   from	   the	  Department	  of	  Music	  at	  the	  Hebrew	  University	  of	  Jerusalem	  found	  the	  inverse	  to	  be	  true	  when	  they	  tested	  a	  group	  –	  they	  presented	  each	  member	  tested	  with	  both	  an	  “increase”	   and	   “decrease”	   of	   a	   musical	   parameter	   accompanied	   by	   an	   animated	  video	   that	   tested	   for	   certain	  elements	   (walking	  away,	  walking	   toward	  showed	   the	  relationship	  of	  movement,	  etc).	  Their	  conclusion	  for	  the	  rise	  and	  fall	  in	  pitch	  was	  the	  opposite	   that	  would	   have	   been	   expected	   based	   on	   our	   knowledge	   of	   the	   Doppler	  effect;	   a	   rise	   in	  pitch	  was	  most	   commonly	  attributed	  with	   increasing	  distance	  and	  fall	   with	   decreasing	   distance.	   The	   question	   is	   whether	   these	   associations	   are	  biological	  or	  whether	  there	  are	  societal	  implications	  as	  well	  (the	  issue	  of	  society	  and	  culture	  affecting	  peoples	  perceptions	  will	  be	  more	  thoroughly	  discussed	  later	  in	  the	  paper).	   Their	   research	   in	  musical-­‐kinetic	   associations	   do	  make	   the	   argument	   that	  these	   cross-­‐modal	   associations	   do	   exist	   and	   notably	   can	   be	   seen	   from	   human	  infancy;	  noting	  that	  “infants	  and	  parents	  often	  connect	  through	  mutual	  imitation	  of	  cross-­‐modal	   intensity	   contours,	   involving	   auditory	   dimensions	   such	   as	   pitch	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inflection	  and	  dynamics,	  as	  well	  as	  touch	  and	  motion.”13	  It	  was	  also	  their	  hypothesis	  that	  “a	   listener	  who	  associates	  a	  musical	  stimulus	  (e.g.	  a	  crescendo)	  with	  a	  kinetic	  quality	   k	   (e.g.	   a	   spatial	   ascent)	   would	   associate	   the	   inverse	   stimulus	   –m	   (e.g.	  diminuendo)	   with	   the	   opposite	   kinetic	   quality	   –k	   (e.g.	   descent).”	   However,	   they	  found	   some	   information	  based	  on	   their	   experiment	   that	   shows	   that	   some	  musical	  stimuli	  elicit	  additional	  information	  that	  doesn’t	  show	  an	  inverse	  relationship.	  They	  stated	   that	   “crescendo	   also	   suggests,	   in	   addition	   to	   incoming	   motion,	   increasing	  velocity,	  and	  diminuendo	  is	  associated	  not	  only	  with	  motion	  away	  from	  the	  listener,	  but	   also	   with	   descent,	   though	   there	   is	   no	   pitch	   change	   in	   the	   musical	   stimulus.”	  Table	  2	  provides	  the	  summation	  of	  their	  findings	  and,	  while	  not	  all	  inclusive	  of	  the	  associations	  made	  with	  the	  input	  that	  was	  given	  (because	  of	  how	  complex	  it	  actually	  ended	  up	  being),	  does	  offer	  significant	  insight	  into	  some	  aspects	  of	  how	  the	  brain’s	  cross-­‐modality	  functions	  in	  relation	  to	  music	  and	  movement.	  It	  is	  also	  important	  to	  note	   that	   these	   associations	   were	   made	   by	   musicians	   and	   non-­‐musicians	   alike	   –	  even	  more	  a	   testament	   to	   the	   influence	  of	  music	  on	  the	  mind,	  even	  when	   it	  hasn’t	  necessarily	  had	  musical	  training.	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  Eitan,	  Zohar	  et	  al.	  Musical	  Parameters	  and	  Spatio-­‐Kinetic	  Imagery.	  8th	  International	  Conference	  on	  Music	  Perception	  &	  Cognition.	  Evanston,	  IL.	  2004.	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Table	  2	  Results	  of	  Eitan	  &	  Granot's	  Musical-­‐Kinetic	  Experiments	  
Musical	  Parameter	   Spatio-­‐Kinetic	  Findings	  
Timing	   Strongly	  related	  to	  speed	  
Pitch	  Contour	   Verticality,	  velocity	  
Loudness	  (aspects)	   Distance	  and	  energy	  
Crescendo	   Incoming	  motion,	  increasing	  velocity	  
Diminuendo	   Motion	  away	  from	  listener,	  descent	  
Pitch	  (ascent)	   Horizontal	  motion	  right,	  movement	  away	  
Pitch	  (descent)	   Horizontal	  motion	  left,	  increasing	  distance	  
	  
Table	  2:	  Spatio-­‐Kinetic	  Findings	  Pertaining	  to	  the	  use	  of	  Musical	  Parameters	  as	  Input	  To	  continue	  the	  pursuit	  of	  musical-­‐visual	  associations,	  an	  experiment	  done	  by	  Scott	  Lipscomb	  &	  Eugene	  Kim	  at	  Northwestern	  University	  provides	  very	  helpful	   insight	  into	  the	  associations	  people	  make	  when	  they	  hear	  music	  and	  are	  asked	  to	  attribute	  it	   to	   a	   visual	   element.	   Their	   experiment	   acted	   on	   the	   theory	   that	   there	   are	  “assumed”	   associations,	   when	   speaking	   musically,	   that	   have	   to	   do	   with	   visual	  metaphors	  like	  height,	  size,	  and	  shape	  and	  that	  some	  of	  these	  associations	  are	  better	  matches	  than	  others.	  Their	  studies	  found	  the	  following	  results	  (as	  seen	  in	  table	  2.3)	  and	  compared	  them	  to	  another	  study	  done	  by	  Robert	  Walker	  in	  1987	  on	  “the	  effects	  of	  culture,	  environment,	  age,	  and	  musical	  training	  on	  choices	  of	  visual	  metaphors	  for	  sound.”14	  It	  is	  important	  to	  note	  that	  they	  also	  tested	  people	  of	  varying	  musical	  skill	  and	   artistic	   training,	   and	   they	   reported	   that	   musically	   and	   artistically	   trained	  individuals	  “did	  not	  significantly	  affect	  subject	  ratings”,	  and	  that	  there,	  “may	  be	  an	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  14	  Lipscomb,	  D	  Scott	  and	  Eugene	  M.	  Kim.	  Perceived	  Match	  Between	  Visual	  Parameters	  and	  Auditory	  
Correlates:	  An	  Experimental	  Multimedia	  Investigation.	  8th	  International	  Conference	  on	  Music	  Perception	  &	  Cognition.	  Evanston,	  IL.	  2004.	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implicit,	   culturally-­‐determined	   agreement	   regarding	   these	   audio-­‐visual	  relationships.	   The	   question	   is	   then	   raised	   on	   how	  much	   of	   these	   associations	   are	  actually	  attributed	  to	  culture	  and	  how	  much	  to	  biology?	  
Table	  3	  Results	  of	  Lipscomb	  &	  Kim's	  Visual-­‐Audio	  Correlates	  Study	  
Musical	  Parameter	   Visual	  Correlates	   	  	   	  	  
Pitch	   Location	  
Shape	  
Color	  
Loudness	   Size	  
Timbre	   Shape	   	  	  
Duration	   Horizontal	  Length*	   	  	   	  	  
	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	  
	  	   	  	   	  	   *attributed	  to	  Walker	  (1987)	  study	  
	  
Table	  3:	  Perceived	  Match	  Between	  Visual	  Parameters	  and	  Auditor	  Correlates	  Culture	  plays	  a	  very	   large	  role	   in	   these	  associations,	  so	   it	   is	  difficult	   to	   find	  a	   test-­‐group	  of	  people	  that	  have	  not	  been	  influenced	  by	  their	  own	  culture	  when	  trying	  to	  determine	  the	  natural,	  neurobiological	  associations	  made	  in	  the	  brain.	  Considering	  this,	  Teruo	  Yamasaki	  at	  Osaka	  Shoin	  Women’s	  University	  in	  Japan	  conducted	  a	  study	  using	   kindergarten	   children	   as	   the	   test	   group.	   Given	   only	   a	   drum,	   therefore	   only	  being	  able	  to	  manipulate	  duration,	  number	  of	  beats,	  sound	  density,	  and	  sound	  level,	  the	   test	   group	  was	   asked	   to	   play	   according	   to	   an	   emotion	   they	  were	   shown	   on	   a	  screen	   (a	   face	   depicting	   either	   joy,	   sadness,	   or	   anger).	   The	   study	   found	   that	   the	  children	  were	  able	  to	  convey	  these	  emotions	  to	  guessing	  adults	  and	  that	  the	  results	  were	   significantly	   higher	   than	   chance	   level.	   “It	   is	   notable	   that	   the	   features	   of	   the	  children’s	  performances	  were	  similar	  to	  those	  of	  professional	  and	  semi-­‐professional	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musicians’	   performances.”15	  Though	   this	   doesn’t	   necessarily	   correlate	   with	   our	  audio-­‐visual	  assumptions,	  it	  does	  give	  weight	  to	  the	  concept	  that	  feeling	  emotions,	  a	  universal	   constant,	   can	   be	   communicated	   through	  musical	   performance	   at	   a	   very	  uneducated,	   low	   influence	   level,	   which	   reinforces	   our	   theory	   that	   music	   is,	   to	   an	  extent,	  rooted	  in	  our	  biology.	  	  There	   is	   a	   condition	   that	   some	   people	   experience	   that	   speaks	   to	   the	   theory	   that	  music	  and	  visual	  “art”	  are	  more	  than	  just	  related	  because	  of	  our	  affected	  perception	  of	   the	   two	   mediums.	   The	   Merriam-­‐Webster	   dictionary	   defines	   synesthesia	   as	   “a	  subjective	   sensation	   or	   image	   of	   a	   sense	   (as	   of	   color)	   other	   than	   the	   one	   (as	   of	  sound)	   being	   stimulated.” 16 	  Sound-­‐Color	   synesthesia	   is	   a	   particular	   type	   of	  synesthesia	  where	  people	  see	  vivid	  color	  when	  hearing	  certain	  sounds.	  There	  have	  been	   many	   studies	   done	   on	   why	   this	   happens	   within	   the	   brain,	   and	   what	  physical/neural	  connections	  there	  are	  that	  make	  these	  connections.	  Understanding	  this	   could	   be	   the	   key	   to	   finding	   the	   overlap,	   or	   relationship,	   between	   music	   and	  visual	  experience.	  	  	  Jamie	   Ward,	   Brett	   Huckstep,	   and	   Elias	   Tsakanikos	   from	   the	   Department	   of	  Psychology	   at	   University	   College	   London,	   conducted	   studies	   that	   hoped	   to	   study	  synesthesia	  and	  prove	  that	  these	  connections,	  albeit	  subconscious	  for	  the	  majority	  of	  people,	  are	  universal	  among	  all	  people,	  proposing	  that,	  “synesthesia	  can	  be	  used	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  15	  Yamasaki,	  Teruo.	  Emotional	  Communciation	  Through	  Music	  Performance	  Played	  by	  Yound	  Children.	  8th	  International	  Conference	  on	  Music	  Perception	  &	  Cognition.	  Evanston,	  IL.	  2004.	  16	  "synesthesia."	  Merriam-­‐Webster.com.	  Merriam-­‐Webster,	  2013.	  Web.	  December	  15	  2011.	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to	  inform	  theories	  of	  normal	  cognition	  [and	  that	  it]	  might	  be	  present	  in	  us	  all	  from	  a	  young	  age.”17	  It	  is	  theorized	  that	  the	  condition	  of	  synesthesia	  is	  present	  in	  everyone	  from	  birth	  but	  then	  gradually	  goes	  away	  with	  age.	  In	  the	  case	  of	  synesthetes,	  they	  do	  not	   lose	  the	  neural	  connections	  that	  cause	  this	  phenomenon,	  and	  therefore	  do	  not	  lose	  the	  synesthetic	  experiences.	  Ward	  et	  al.	  also	  discovered	  that	  synesthesia	  can	  be	  pharmacologically	   induced	  and	  stated	   that	   “it	   is	   reasonable	   to	  assume	   that	   it	  uses	  pre-­‐existing	   pathways	   to	   the	   brain.”	   This	   association	   would	   prove	   that,	   though	  seemingly	   inactive,	   these	   connections	   do	   still	   exist	   and	   could	   be	   subconsciously	  making	  associations	  within	  our	  brains	  related	  to	  visual	  form	  when	  stimulated	  with	  aural	   input.	   The	   results	   of	   their	   experiments,	   which	   analyzed	   the	   relationship	  between	  pitches	  (piano,	  sine	  wave,	  stringed	  instrument)	  and	  colors,	  found	  that	  the	  higher	  the	  pitch	  that	  was	  given,	  the	  lighter	  the	  color	  that	  was	  seen	  by	  synesthetes	  or	  felt/assumed	   by	   non-­‐synesthetes.	   It	   is	   important	   to	   note	   that	   the	   method	   of	  determining	  color	  was	  based	  on	  the	  Munsell	  color	  space	  because	  it	  is	  “considered	  a	  more	   psychophysically	   plausible	   representation	   of	   colour	   in	   which	   colour	   is	  described	   according	   to	   three	   dimensions:	   value	   (light	   to	   dark	   on	   a	   0-­‐10	   scale),	  chroma	  (grey	  to	  coloured)	  and	  a	  hue	  (a	  circularly	  varying	  dimension,	  red	  è	  yellow	  
è	   green	  è	   blue	  è	   purple	  è	   red.”	   Another	   factor	   affected	   by	   this	   test	   was	   the	  chroma	   that	   was	   perceived	   when	   listening	   to	   the	   given	   pitches.	   The	   chroma	  resembled	  more	  of	   a	  parabola:	   greyer	  when	   low	  and	  high	  pitches	  were	  given	  and	  more	  saturated	  color	  in	  the	  mid-­‐range	  of	  the	  pitches.	  Timbre	  also	  affected	  chroma,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  17	  Ward,	  Jamie	  et	  al.	  Sound-­‐Colour	  Synaesthesi:	  To	  What	  Extent	  Does	  It	  Use	  Cross-­‐Modal	  Mechanisms	  
Common	  to	  us	  All?.	  Deparment	  of	  Psychology,	  University	  College	  London.	  London,	  UK.	  Cortex,	  2006.	  42,	  264-­‐280	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showing	   that	   the	  piano	  and	  string	   tones	  were	  overall	  more	  colorful	   than	   the	  pure	  tones	  from	  the	  sine	  waves.	  	  
Table	  4	  Observations	  of	  Ward	  et	  al's	  Cross	  Modal	  Study	  
Pitch	   Value	  (Lightness)	   as	  pitch	  raised,	  so	  did	  value	  
	  	   Chroma	  (Grey	  to	  Colored)	   mid-­‐range	  pitches	  were	  
	  	   	  	   more	  colorful	  
	  	   Hue	  (Color)	   no	  significant	  commonality	  
	  	   	  	   among	  various	  participants	  
	  
Table	  4:	  Ward	  et	  al's	  Findings	  on	  Synesthetic	  Study	  It	  is	  also	  important	  to	  note,	  when	  considering	  the	  creation	  of	  the	  art	  from	  the	  music	  analysis,	   that	   a	   poll	   of	   synesthetes	   found	   that	  when	  hearing	  multiple	   notes	   at	   the	  same	   time	   or	   in	   quick	   succession	   they	  were	  more	   likely	   to	   see	  multiple	   colors	   as	  opposed	   to	   a	   blended,	   single	   color.	   This	   could	   provide	   insight	   into	   how	   the	  mind	  interprets	   frequencies	   and	   how	   musical	   understanding	   has	   evolved	   throughout	  history.	  The	  ability	   to	  distinguish	   individual	  notes	  within	  a	  more	  complex	  musical	  structure	  may	  not	  be	  solely	  an	  aural	  distinction	  and	  may	  have	  a	  visual	  component.	  	  	  Ward	   et	   al’s	   research	   is	   validated	   by	   an	   earlier	   article	   that	   was	   published	   in	   the	  American	   Journal	   of	   Psychology,	   written	   by	   Timothy	   Hubbard,	   which	   determined	  that	  “lighter	  stimuli	  fit	  better	  with	  higher	  pitches,	  and	  darker	  stimuli	  fit	  better	  with	  lower	   pitches.”18	  The	   research	   further	   notes	   that	   there	   was	   a	   more	   consistent	  pattern	  among	  subjects	  when	  the	  background	  of	  the	  given	  color	  stimulus	  was	  black	  as	  opposed	  to	  white.	  This	  study	  also	  makes	  an	  interesting	  connection	  in	  considering	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  18	  Hubbard,	  Timothy.	  Synesthesia-­‐like	  Mappings	  of	  Lightness,	  Pitch,	  and	  Melodic	  Interval.	  American	  Journal	  of	  Psychology.	  Summer	  1996.	  Vol	  109,	  No.	  2,	  pp	  219-­‐238.	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how	  people	  relate	  colors	  to	  various	  moods.	  They	  found	  that	  people	  who	  tended	  to	  agree	   on	   a	   particular	   mood	   of	   a	   piece	   of	   music,	   generally	   agreed	   on	   the	   color	  associated	  with	  that	  piece	  overall.	  The	  consideration	  of	  mood	  and	  emotion	  may	  be	  a	  middleman	  between	  these	  associations;	  however,	  to	  what	  extent	  culture	  plays	  into	  them	  is	  seemingly	  unknown.	  Most	  assuredly,	  culture	  does	  play	  a	  significant	  role	  in	  these	  mood-­‐color	  groupings.	  	   “Perhaps	  synesthesia	  is	  indeed	  a	  normal	  and	  early	  part	  of	  perceptual	  processing	  engaged	  in	  by	   all	   people,	   but	   that	   experience	   (and	   the	   knowledge	   gained	   by	   experience)	   may	   then	  function	   to	   tune	   the	   content	  of	   the	   synesthesia.	   In	   the	  majority	  of	  people	   such	   tuning	  may	  result	  in	  suppression	  or	  inhibition	  of	  the	  synesthesia,	  but	  in	  synesthetes	  the	  tuning	  produces	  specific	   and	   idiosyncratic	   responses	   and	   may	   also	   supply	   the	   linguistic	   relevant	  connotations.”	  –	  Timothy	  Hubbard17	  	  
2.5	  Cultural	  Implications	  of	  Music	  &	  Visual	  Perception	  	  Although	   the	   focus	   and	   goal	   of	   this	   paper	   is	   to	   determine	   the	   natural,	  neurobiological	  associations	  between	  music	  and	  art,	  it	  would	  be	  a	  detriment	  to	  the	  integrity	  of	  this	  paper	  to	  not	  mention	  how	  heavily	  cultural	  implications	  play	  into	  the	  determinations	  of	  music	  and	  its	  visual	  correlates.	  	  Music	  and	  art	  play	  heavily	  into	  the	  construction	  of	  societies	  and	  cultures	  and	  have	  relationships	   with	   other	   disciplines	   such	   as	   literature,	   science,	   and	   mathematics.	  One	   of	   the	   foundations	   of	   societal	   development	   is	   the	   ability	   to	   communicate.	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Language	   and	  writing	   have	   evolved	   immensely	   in	   our	   history	   and	   are	   integral	   in	  how	   cultures	   are	   perceived	   and	   understood.	   Music	   also	   has	   the	   ability	   to	  communicate;	   specifically	   emotions,	   and	   can	   certainly	   create	   a	   bond	   between	  peoples	   of	   different	   societies	   that	   reaches	   beyond	   the	   bounds	   of	   verbal	  communication.	   However,	   within	   the	   context	   of	   a	   society	   with	   a	   determined	  language,	  the	  use	  of	  words	  and	  structure	  are	  developed	  to	  communicate	  the	  intent	  and	  feeling	  behind	  things	  that	  would	  otherwise	  be	  difficult	  for	  two	  people	  to	  relate	  to	  were	  it	  not	  for	  language.	  	  	  Robert	  Walker	   from	  Simon	  Fraser	  University,	   conducted	   a	   study	   on	  The	  Effects	  of	  
Culture,	  Environment,	  Age,	  and	  Musical	  Training	  on	  Choices	  of	  Visual	  Metaphors	   for	  
Sound	  that	  provides	  interesting	  insight	  on	  how	  there	  has	  been	  a	  natural	  evolution	  of	  descriptive	   terms	   for	  musical	   parameters,	   such	   as	   the	   rise	   and	   fall	   of	   pitch.	   “One	  study	  (Walker,	  1987)	  has	  shown	  that	  it	  is	  by	  no	  means	  automatic	  for	  some	  subjects	  (non-­‐musicians)	   to	   think	   of	   frequencies	   as	   higher	   or	   lower	   in	   the	   visual	   sense.”19	  Walker’s	  study	  asked	  a	  group	  of	  participants	  to	  relate	  musical	  parameters’	  physical	  equivalents,	   such	   as	   frequency,	   waveform,	   duration,	   and	   amplitude;	   to	   “visual	  metaphor.”	  His	  results	  matched	  that	  of	  Eitan	  &	  Granot’s	  study	  as	  well	  as	  Lipscomb	  &	  Kim’s	  study,	  both	  of	  which	  were	  previously	  discussed	  in	  this	  paper.	  	   	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  19	  Walker,	  Robert.	  The	  Effects	  of	  Culture,	  Environment,	  Age,	  and	  Musical	  Training	  on	  Choices	  of	  Visual	  
Metaphors	  for	  Sound.	  Perception	  &	  Psychophysics.	  1987,	  42	  (5),	  pp	  491-­‐502.	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Walker	  utilized	  four	  test	  groups	  of	  varying	  cultural	  and	  environmental	  backgrounds,	  which	   seemingly	   dissolves	   the	   assumption	   of	   the	   role	   of	   culture	   if	   their	   results	  correlate.	   Walker	   was	   surprised	   when	   the	   results	   indicated	   little	   to	   no	   relation	  between	  culture	  and	  the	  environment	  relating	  to	  the	  testing	  parameters.	  This	  is	  not	  to	  say	   that	  culture	  and	  environment	  have	  no	  role	   in	  some	  of	   the	  assumptions	   this	  paper	   has	   made,	   but	   it	   does	   seem	   that	   these	   basic	   musical	   parameters	   are	  universally	  accepted	  with	  their	  visual	  counterparts.	  Therefore,	  for	  the	  application	  of	  the	   art,	   a	   baseline	   can	   be	   set	   of	   what	   has	   been	   universally	   determined,	   and	   then	  adapt	  and	  build	  from	  there.	  	  
	  Despite	   the	   seemingly	   universal	   connection	   of	   the	   aforementioned	   parameters,	  there	  are	  aspects	  of	  certain	  analyses	   related	   to	   the	  content	  of	   this	  project,	   such	  as	  color,	   that	   do	   seem	   to	   be	   widely	   affected	   by	   culture.	   A	   medium	   that	   is	   very	  influential	  on	  the	  modern	  generation	  that	  relies	  on	  the	  understanding	  of	  both	  color	  and	   music	   is	   film,	   and	   there	   is	   a	   sort	   of	   “which	   came	   first”	   conundrum	   when	  
Table	  5	  Results	  of	  Walker's	  Experiment	  
Musical	  Parameter	   Spatio-­‐Kinetic	  Findings	  
Frequency	   Vertical	  Placement	  
Amplitude	   Size	  
Waveform	   Pattern	  
Duration	   Horizontal	  Length	  
	  
Table	  5:	  The	  Effects	  of	  Culture,	  Environment,	  Age,	  and	  Musical	  Training	  on	  Choices	  of	  Visual	  Metaphors	  
for	  Sound	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considering	  this	  art.	  Did	  the	  use	  of	  color	  to	  express	  mood	  and	  feeling	  arise	  from	  the	  choices	   film	   specialists	   made	   that	   then	   became	   a	   standard?	   Or	   are	   there	   natural	  associations	  between	  color	  and	  mood	  that	  prompted	  their	  use	  within	  film?	  	  Eirik	  Hanssen	  raises	  an	  interesting	  point	  in	  his	  article	  The	  Functions	  of	  Color,	  which	  focuses	  on	  the	  use	  of	  color	  in	  the	  history	  of	  film,	  when	  he	  says	  that,	  “the	  beauty	  of	  nature	   is	   different	   from	   the	   beauty	   of	   art.	   The	   colour	   combinations	   in	   nature	   are	  accidental	  and	  inharmonious,	  but	  in	  a	  visual	  representation	  of	  nature,	  for	  example	  a	  painting,	   the	   colours	   should	   be	   structured	   in	   accordance	   to	   a	   consistent	   form.”20	  This	  is	  an	  interesting	  philosophical	  consideration,	  before	  anything	  else,	  that	  can	  also	  be	   attributed	   to	   music.	   Perhaps	   color	   was	   never	   intended	   to	   be	   used	   artistically.	  Perhaps	  frequency	  was	  never	  intended	  to	  be	  used	  artistically.	  Objects	  have	  color	  in	  nature	  because	  of	  how	  they	  absorb	  the	  light	  frequency	  spectrum	  –	  this	  is	  a	  natural,	  scientific	   process.	   Environment	   does	   not	   consider	   the	   use	   of	   colors	   within	  themselves	  because	  of	  the	  desire	  to	  portray	  a	  certain	  aesthetic.	  Rather,	   the	  human	  race	   has	   created	   organization	   based	   on	   a	   perceived	   aesthetic	   it	   aims	   for	   that	  continually	  adapts	  and	  adjusts	  with	  the	  continuance	  of	  time.	   It	   is	  when	  people	  put	  natural	   elements	   together	   and	   organize	   them	   that	   they	   take	   artistic	   form.	   When	  considering	   this	   in	   relation	   to	   the	   PCASO	  project	   and	   theory,	  maybe,	   like	   color	   in	  nature,	  notes	  or	  individual	  frequencies	  have	  their	  own	  color/hue	  attributed	  to	  them	  because	   that	   is	   simply	   how	   they	   exist,	   but	   humans	   have	   not	   evolved	   to	   see	   this	  vividly	  yet,	  so	  our	  minds	  make	  subconscious	  connections.	  Sound	  and	  frequency	  are	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  20	  Hanssen,	  Eirik	  Frivold.	  The	  Functions	  of	  Color.	  1999.	  http://www.academia.edu/292978/The_Functions_of_Colour	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also	  naturally	  occurring	   in	   the	  world,	   as	   is	   color,	   and	   these	   sounds	  become	  music	  when	   they	   are	  manipulated.	   The	   relationship	   is	   clear:	   human	   society	  manipulates	  naturally	  occurring	  phenomena	  to	  create	  something	  unique	  unto	  themselves,	  which	  fills	   their	   need	   for	   interconnectivity.	   These	   associations	   create	   new	   and	   evolving	  cultures	  and	  have	  tied	  peoples	  of	  the	  world	  together	  making	  the	  human	  race	  truly	  unique.	  	  Regarding	  the	  application	  of	  color	  and	  music	  in	  film,	  it	  is	  generally	  identifiable	  when	  looking	  at	  a	  movie	  cover’s	  artwork	  what	   type	  of	  movie	   it	   is	  going	  to	  be.	  There	  are	  certain	  color	  styles	  and	  filters	  that	  lend	  themselves	  to	  specific	  genres	  of	  movies.	  For	  example,	  most	  horror	  movies	  use	  blue	  color	  filters	  and	  heavy	  shadows	  to	  adhere	  to	  the	   horror	   genre	   aesthetic.	   This	   goes	   back	   to	   the	   “chicken	   or	   the	   egg”	   question	  previously	   mentioned.	   It	   is	   these	   types	   of	   “standards”	   that	   make	   it	   difficult	   to	  separate	  natural,	  biological	  responses	  to	  stimuli	  and	  the	  developed	  understandings	  based	  on	  culture	  and	  environment.	  	  
Chapter	  3:	  Methodology	  	  Refocusing	   on	   our	   initial	   pursuit	   in	   determining	   if	   there	   are	   cross-­‐modal	  understandings	  within	  the	  brain	  when	  listening	  to	  music	  or	  visualizing	  art	  led	  to	  the	  determination	  that	  a	  computer	  program	  would	  be	  the	  best	  way	  to	  approach	  solving	  our	   theory.	   Our	   way	   of	   testing	   this	   validity	   on	   a	   smaller	   scale	   was	   with	   the	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involvement	  of	  students	  with	  a	  survey	  in	  order	  to	  begin	  collecting	  the	  data	  needed	  for	   the	   development	   of	   a	   program	   geared	   initially	   toward	   user	   input	   for	   data	  retrieval.	   	   This	   information	  would	   lead	   to	   the	   end	   goal	   of	   the	   development	   of	   the	  PCASO	  program,	  which	  would	  take	  music	  based	  on	  sonic	  parameters	  and	  correlate	  that	  data	  with	  artistic	  elements	  that	  were	  determined	  to	  be	  cross-­‐modally	  linked.	  	  In	  order	  to	  properly	  conceptualize	  how	  a	  program	  like	  PCASO	  could	  work,	  we	  had	  to	  have	  a	   substantial	  understanding	  of	   the	   relationships	  between	  art,	   sound,	   and	   the	  mind.	  We	  needed	  research	  that	  quantified	  the	  esoteric	  nature	  of	  the	  visual	  and	  sonic	  arts	   and	   their	   effect	   on	   the	  human	  mind.	  The	   initial	   phase	  of	   the	  project	   involved	  looking	  at	  how	  visual	  art	  and	  sound	  had	  been	  previously	  connected	  by	  artists	  in	  the	  past.	   This	   research	   proved	   helpful	   because	   it	   provided	   a	   more	   informed	  understanding	   of	   how	   the	   two	   seemingly	   separate	   mediums	   were	   more	  interconnected	  than	  previously	  assumed.	  The	  works	  and	  writings	  of	  famous	  artists	  such	  as	  Wassily	  Kandinsky	  and	  Paul	  Klee,	  both	  of	  whom	  created	  pieces	  of	  art	   that	  were	  directly	   inspired	  by	  music,	   aided	   in	  our	  understanding	  of	   the	  decisions	   they	  made	   when	   creating	   their	   art.	   This	   prompted	   us	   to	   start	   accumulating	   a	   list	   of	  musical	  elements	  that	  are	  commonly	  translated	  into	  visual	  forms	  in	  art.	  	  	  Our	   research	   into	   pre-­‐existing	   methods	   for	   the	   integration	   of	   art,	   music,	   and	  technology,	   and	   congruent	   discussions	   with	   local	   communities	   as	   well	   as	   with	  professors	   in	   academia,	   gave	   us	   valuable	   insights	   on	   how	   to	   approach	   certain	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technical	   components	   of	   the	   project.	   This	   included	   methods	   that	   computers	   and	  technology	  currently	  employ	  to	  analyze	  and	  interpret	  sound	  into	  data.	  	  Research	  concerning	   the	  ways	   that	  computers	  are	  able	   to	  process	  and	  manipulate	  sound	   was	   an	   important	   element	   of	   the	   project.	   The	   mechanics	   of	   audio	   signal	  processing	   and	   waveform	   analyses,	   which	   are	   complex	   branches	   of	   applied	  mathematics	   and	   electrical	   engineering,	   were	   a	   significant	   consideration	   in	   the	  selection	   process.	   It	   was	   necessary	   to	   find	   and	   integrate	   various,	   pre-­‐existing	  programs	   to	  aid	   in	  PCASO’s	   interdisciplinary	  goals:	   sonic	  analysis	  and	  art.	   For	   the	  initial	  phase	  of	  PCASO,	  generating	   the	  visuals	   in	  Processing	  and	  using	  MATLAB	   to	  perform	  the	  sonic	  analyses	  would	  be	  the	  best	  method.	  Processing	  is	  a	  free	  program	  that	  was	  built	  for	  creating	  electronic	  art,	  and	  is	  often	  used	  for	  experimental	  media.	  MATLAB	  is	  a	  computing	  software	  and	  high	  level	  programming	  language	  that	  comes	  equipped	  with	  comprehensive	  signal	  processing	  functionality.	  	  Integrating	  our	   research	   into	   the	  various	  psychological	  and	  biological	  associations	  that	  existed	  between	  music	  and	  visual	  art	  with	  the	  technology	  was	  the	  next	  avenue	  to	  pursue.	  The	  research	  being	  done	  into	  the	  cognitive	  associations	  between	  art	  and	  sound	  is	  very	  broad	  and	  stretches	  across	  many	  fields	  of	  study,	  some	  of	  which	  do	  not	  give	  concrete	  answers	  that	  would	  be	  useful	  in	  a	  software	  environment	  like	  PCASO.	  The	   large	   volume	   and	   breadth	   of	   this	   research	  made	   this	   an	   arduous	   process.	   In	  order	  to	  gain	  more	   insight	   into	  computer	  programming	  methods	  so	  we	  could	  gear	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our	   time	   towards	   information	   that	   would	   be	   useful	   for	   creating	   PCASO,	   we	  consulted	  programmer	  and	  computer	  science	  major	  Taymon	  Beal	  for	  assistance.	  	  	  Beal	  brought	  many	  new	  ideas	  to	  the	  table	  that	  helped	  focus	  our	  research.	  One	  way	  that	  Beal	  helped	  out	  was	  by	  tackling	  the	  issue	  of	  representing	  abstract	  concepts	  of	  music	   into	   a	   visual	   form	   that	   would	   be	   properly	   interpreted	   by	   the	   viewer.	   The	  solution	   that	   Beal	   proposed	   for	   this	   was	   to	   implement	   a	   component	   of	   ‘machine	  learning’	  into	  PCASO.	  	  	  The	   idea	  behind	   this	  was	   that	  PCASO	   could	  be	   given	   simple	   rules	   or	   abilities	   that	  would	  produce	  basic	  art	  elements	  on	  the	  canvas.	  These	  rules	  could	  then	  be	  altered	  or	  mutated	   in	   deliberate	   ways.	   A	   viewer	  would	   be	   shown	   a	   piece	   created	   in	   this	  manner	   and	   asked	   if	   this	   piece	   accurately	   described	   the	   artistic	   element	   it	   was	  intended	  to	  depict.	  Then,	  depending	  upon	  the	  user	  feedback	  that	  was	  given,	  PCASO	  would	  either	  assimilate	  or	  reject	   the	  genetic	  alteration	  that	  was	  made	   in	   the	  code.	  This	  application	  of	  machine	  learning	  is	  called	  genetic	  programming	  and	  is	  typically	  used	  to	  optimize	  the	  ability	  of	  a	  piece	  of	  software	  to	  perform	  a	  specific	  task.	  By	  using	  genetic	  programming,	  PCASO	  could	  slowly	  refine	  its	  rules	  and	  associations,	  thereby	  increasing	  the	  accuracy	  of	  its	  abilities.	  	  The	  application	  of	  this	  user	  feedback	  would	  ideally	  take	  the	  form	  of	  an	  online	  survey	  where	  the	  questions	  could	  be	  dynamically	  generated	  by	  PCASO	  based	  on	  the	  most	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current	   form	   of	   the	   code.	   Each	   question	   would	   be	   accompanied	   by	   audio	   clips	  and/or	  imagery,	  provided	  by	  PCASO,	  that	  would	  suit	  the	  content	  of	  the	  question.	  	  This	  development	  in	  the	  project	  helped	  focus	  our	  research	  because	  it	  meant	  that	  we	  didn’t	   have	   to	   construct	   our	   entire	   database	   of	   associations	   completely	   from	   the	  research.	   The	   genetic	   programming	   would	   work	   in	   tandem	   with	   our	   research	   to	  correct,	   add	   to,	   and	   optimize	   it.	   What	   we	   needed	   to	   do	   was	   provide	   the	   basic	  elements	  and	  principles	  for	  it	  to	  operate	  on.	  	  Our	  discussions	  with	  Beal	  also	  gave	  us	  a	  more	  accurate	  perception	  of	  the	  difficulty	  and	   scope	   of	   creating	   a	   program	   like	   PCASO.	   Experienced	   in	   the	   field	   of	   AI	  programming	  and	  software	  engineering,	  Beal	  brought	  to	  our	  attention	  that	  this	  type	  of	   project	   had	   never	   before	   been	   attempted	   or	   been	   published.	   The	   enormity	   of	  creating	  a	  program	  like	  PCASO	  is	  such	  that	  it	  would	  require	  a	  large	  team	  of	  people	  to	  achieve	  any	  kind	  of	  desirable	  state	  in	  the	  time	  we	  had.	  We	  decided	  then,	  to	  refocus	  the	  project	   specifically	  onto	   the	  research	  and	  conceptual	  underpinnings	  of	  PCASO,	  and	  not	  on	  the	  actual	  creation	  of	  the	  software.	  	  In	   the	  end,	   the	   refocusing	  of	  our	  efforts	  proved	   to	  be	  a	  wise	  decision.	  There	   is	   an	  enormous	   amount	   of	   data	   and	   research	   that	   is	   available	   on	   the	   cognitive	  associations	  between	  art	  and	  music.	  By	  focusing	  on	  the	  research	  first	  and	  using	  the	  eventual	  creation	  of	  PCASO	  as	  a	  lens	  for	  this	  research,	  we	  have	  been	  able	  to	  develop	  a	  more	  complete	  and	  thorough	  study	  of	  the	  data.	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  We	  also	  conducted	  a	   study	   in	  conjunction	  with	  English	   teacher	  Elizabeth	  Croke	  of	  Baypath	  Regional	  Vocational	  Technical	  High	  School	  to	  help	  further	  our	  research	  in	  the	  understanding	  of	  human	  perceptions	  of	  music	  and	  art.	  This	  was	  accomplished	  with	   the	   development	   of	   a	   survey	   that	  would	   provide	   us	  with	   data	   on	   a	   group	   of	  individual’s	  personal	  understanding	  and	  perceptions	  of	  a	  work	  of	  art	  and	  a	  piece	  of	  music;	  the	  results	  of	  which	  would	  help	  to	  validate	  the	  efforts	  of	  PCASO.	  	  
	  
Method	  
Participants	  The	  participants	   for	   this	   survey	  were	   50	   students	   (male	   and	   female)	   in	   freshmen	  English	   classes	   at	   Baypath	   Regional	   Vocational	   Technical	   High	   School.	   Their	  academic	  pursuits	  and	  associations	  did	  not	  matter	  for	  the	  purpose	  of	  this	  survey	  as	  we	  are	  trying	  to	  determine	  a	  universal	  link	  between	  music	  and	  art.	  	  
Procedure	  Participants	  were	  given	  the	  survey	  (Appendix	  I)	  during	  class	  hours	  over	  a	  period	  of	  two	  days.	  Before	   taking	   the	   survey,	   the	   students	  were	   told	   that	   the	  questionnaire	  was	  part	  of	  a	  research	  project	  being	  done	  on	  the	  associations	  of	  music/sound	  and	  visuals/art	  within	  the	  brain.	  They	  were	  instructed	  to	  spend	  a	  minute	  or	  so	  analyzing	  the	   image,	   and	   then	   answer	   any	   questions	   they	   felt	   they	   had	   an	   answer	   to.	   Some	  examples	  of	  the	  questions	  include:	  1. What	  emotion(s),	  if	  any,	  does	  this	  painting	  evoke	  (stir	  up	  in	  you)?	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2. For	  your	  final	  task,	  please	  create	  an	  analogy	  to	  help	  us	  understand	  what	  you’re	  thinking.	  “This	  painting	  makes	  me	  feel	  (think,	  remember,	  wonder,	  or	  fill	  in	  your	  own	  verb)…”	  3. What	  emotion(s),	  if	  any,	  does	  this	  musical	  piece	  evoke	  (stir	  up	  in	  you)?	  4. Does	  this	  musical	  piece	  make	  you	  SEE	  something	  in	  particular?	  	  We	   were	   hopeful	   that	   these	   questions	   would	   provide	   similar	   responses	   from	  students	  that	  would	  enforce	  our	  concept	  of	  a	  universal	  perception	  in	  art	  and	  music.	  	  On	  the	  first	  day,	  the	  students	  were	  given	  the	  first	  set	  of	  questions	  and	  an	  image	  of	  Kandinsky’s	   Composition	   VIII	   (1923)	   was	   displayed	   on	   the	   projection	   board.	  Students	  were	  given	  10	  minutes	  to	  answer	  all	  the	  questions.	  In	  the	  following	  class,	  the	  teacher	  handed	  out	  the	  second	  set	  of	  questions	  to	  the	  students.	  After	  instructing	  the	   students	   to	   wait	   for	   the	   entire	   piece	   to	   play	   before	   answering	   any	   survey	  questions,	  she	  played	  Tchaikovsky’s	  War	  of	  1812	  Overture	  and	  gave	  the	  students	  10	  minutes	  to	  answer	  the	  second	  set	  of	  questions.	  	  
Data	  &	  Analysis	  Our	   findings	   led	   to	   a	   clear	   delineation	   of	   emotional	   connections	   in	   regards	   to	   the	  two	   surveys,	   happiness	   being	   the	   most	   agreed	   upon	   emotion	   for	   both.	   However,	  results	  indicated	  that	  a	  majority	  of	  responses	  fit	  into	  an	  other	  category.	  	  For	   both	   the	   painting	   and	   the	   piece	   of	   music,	   the	   students	   were	   asked	   nearly	  identical	   sets	   of	   questions,	   and	   each	   was	   worded	   as	   free-­‐response,	   rather	   than	  multiple-­‐choice.	  Across	  all	  the	  questions	  for	  both	  days,	  there	  is	  a	  varying	  degree	  of	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uniformity	  to	  the	  responses.	  Some	  questions	  had	  almost	  entirely	  different	  responses	  from	  every	  student,	  while	  others	  had	  certain	  words	  or	  concepts	  that	  were	  similar	  to	  a	  large	  majority	  of	  the	  participants.	  The	  first	  question	  in	  each	  set	  (‘What	  emotion(s),	  if	  any,	  does	  this	  painting/music	  evoke?)	  had	  a	  high	  level	  of	  unanimity	  for	  both	  the	  painting	  and	  the	  musical	  piece.	  In	  addition,	  the	  responses	  themselves	  were	  similar	  across	  both	  days.	  Each	  had	  similar	  adjectives	  being	  used	  to	  describe	  the	  emotions,	  with	  happiness	  being	  the	  highest	  scoring	  response	  for	  each.	  	  
	  
Figure	  12:	  Student	  Responses	  to	  Art/Emotion	  Survey	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Figure	  13:	  Student	  Responses	  to	  Music/Emotion	  Survey	  	  From	  this	  feedback,	  it	  seems	  that	  people	  can	  at	  least	  agree	  on	  the	  general	  emotional	  spectrum	  of	  a	  piece	  of	  art,	  even	  with	  a	  painting	  as	  abstract	  as	  Kandinsky’s.	  However,	  it	  is	  hard	  to	  draw	  definitive	  conclusions	  from	  freeform	  responses	  such	  as	  these.	  It	  is	  possible	  that,	  with	  some	  of	  these	  questions,	  participants	  used	  the	  best	  adjective	  they	  could	   think	   of,	   even	   if	   that	   adjective	   was	   not	   an	   appropriate	   description.	   The	  adjective	  of	  happiness	  is	  common	  and	  perhaps	  may	  have	  been	  used	  in	  place	  of	  more	  specific	  descriptors.	  	  	  It	  is	  also	  interesting	  to	  note	  that,	  of	  all	  the	  questions,	  this	  one	  had	  the	  highest	  level	  of	  response	  uniformity	  across	  both	  days,	  despite	  asking	  the	  participants	  to	  describe	  a	  more	   ambiguous	   concept	   than	   the	   other	   questions	   (an	   emotion,	   rather	   than	   a	  sensory	  response).	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In	   general,	   it	   seems	   there	   were	   far	   more	   common	   responses	   for	   the	   Kandinsky	  painting	   than	   the	   Tchaikovsky	   music	   piece.	   This	   could	   be	   because	   visual	   data	   is	  usually	   easier	   to	   ascribe	   to	  words	   or	   characterize	   than	   audio.	   This	  might	   explain	  why	  the	  question	  with	  the	  most	  common	  responses	  was	  ‘Does	  this	  painting	  remind	  you	   of	   any	   certain	   textures?’	   for	   Kandinsky,	   with	   14	   responses	   being	   ‘rough	   and	  sharp’.	  	  
Discussion	  and	  Recommendations	  The	  survey	  was	  helpful	  in	  getting	  a	  clearer	  picture	  of	  how	  people	  verbally	  described	  their	  conscious	  perceptions	  of	  two	  different	  works	  of	  art.	  It	  also	  demonstrated	  that	  there	  is	  indeed	  commonalities	  to	  the	  way	  individuals	  perceive	  art.	  	  	  However,	   there	   are	   certainly	  ways	   to	   improve	   this	   survey.	  Many	   of	   the	   questions	  were	   originally	   intended	   to	   be	   read	   as	   two	   part	   questions,	   e.g.,	   “did	   you	   perceive	  
blank	   while	   viewing	   this	   piece	   of	   art?	   If	   so	   please	   list	   what	   types	   of	   blank	   you	  perceived”.	  However,	   the	  wording	  of	   some	  of	   the	  questions	  prompted	   students	   to	  only	  read	  them	  as	  one-­‐part	  questions	  with	  the	  first	  part	  being	  an	  assumption,	  e.g.,	  “If	  you	   had	   to	   perceive	   blank	   in	   this	   piece	   of	   art,	  what	   types	   of	   blank	  would	   you	  perceive?”	  Though	   the	  students	  were	   initially	   instructed	   to	  only	  answer	  questions	  they	   felt	   pertained	   to	   them,	   this	   did	   not	   fully	   describe	   the	   way	   that	   they	   should	  approach	  the	  questions.	  Because	  of	  this,	  our	  results	  do	  not	  accurately	  depict	  if	  any	  of	  the	  senses	  were	  more	  or	   less	  stimulated	  than	  the	  others.	   In	  other	  words,	  we	  don’t	  get	  a	  sense	  of	  magnitude	  to	  their	  perceptions.	  Part	  of	  the	  goal	  of	  this	  survey	  was	  to	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find	   out	   what	   sensations	   were	   consciously	   stimulated	   or	   brought	   to	   mind	   in	   the	  participants.	  If	  that	  means	  that	  the	  students	  only	  consciously	  perceived	  one	  type	  of	  sensation,	  then	  knowing	  that	  helps	  us	  understand	  which	  psychological	  associations	  are	  more	  potent	  to	  the	  average	  participant.	  	  	  Another	  way	  in	  which	  the	  formatting	  could	  be	  improved	  is	  by	  using	  multiple-­‐choice	  type	  answers	  for	  some	  of	  the	  questions,	  rather	  than	  free	  response.	  This	  would	  help	  by	   eliminating	   the	   difficulty	   that	   some	   participants	  may	   have	   faced	   in	   coming	   up	  with	  appropriate	  terms	  to	  describe	  the	  piece	  of	  art.	  Instead,	  they	  would	  be	  given	  a	  list	  of	  adjectives	  and	  asked	  to	  circle	  the	  one	  that	  most	  fits.	  This	  could	  also	  be	  done	  with	  a	  scale-­‐type	  answer	  system.	  For	  example,	  the	  participant	  would	  be	  given	  a	  line	  with	  an	  adjective	  on	  one	  end,	  and	  its	  opposite	  on	  the	  other	  and	  then	  asked	  to	  circle	  where	  the	  piece	  falls	  in	  that	  range.	  By	  creating	  more	  focused	  answer	  choices	  in	  this	  way,	  the	  survey	  could	  provide	  more	  specific,	  focused	  data	  with	  less	  ambiguity	  in	  the	  responses.	  	  For	   future	   questionnaires,	   it	   would	   be	   interesting	   to	   expand	   the	   survey	   into	  something	   more	   directly	   related	   to	   the	   functioning	   of	   PCASO.	   A	   survey	   could	   be	  devised	   that	   involves	   showing	   the	   participants	   a	   piece	   of	   art	   or	  music,	   equipping	  them	  with	  some	  form	  of	  drawing	  or	  coloring	  utensil,	  and	  then	  asking	  them	  to	  create	  an	   image	   that	   reflects	   the	   piece.	   By	   analyzing	   the	   responses	   in	   conjunction	   with	  table	  of	  Audio-­‐Visual	  pairings	  (Appendix	  F),	   the	  data	  could	  be	  used	  to	  refine,	  alter	  and/or	  expand	  the	  list.*	  
	   48	  
*The	  questionnaire	  from	  this	  survey	  can	  be	  found	  in	  Appendix	  I	  	  It	  is	  also	  important	  to	  note	  that	  the	  planning	  and	  research	  for	  PCASO	  required	  that	  we	  constantly	  consider	  the	  future	  of	  the	  project.	  What	  drew	  us	  to	  PCASO	  in	  the	  first	  place	  was	  its	  potential	  to	  be	  a	  multifaceted	  tool	  for	  creation,	  research,	  and	  learning.	  The	   art	   that	   PCASO	   created	   needed	   to	   have	   value	   beyond	   being	   aesthetically	  pleasing,	  and	  this	  required	  that	  the	  underpinnings	  of	  its	  technology	  have	  integrity	  to	  their	  function.	  The	  research	  needed	  to	  be	  comprehensive	  and	  the	  software	  needed	  to	  work	  in	  a	  way	  that	  ensured	  every	  stroke	  put	  on	  the	  canvas	  carried	  meaning.	  By	  guaranteeing	  this,	  the	  applications	  for	  PCASO	  could	  be	  opened	  to	  a	  wider	  audience.	  As	   a	   learning	   tool,	   PCASO	  could	   illustrate	  how	   interconnected	  psychology	  and	   the	  arts	   are	   with	   each	   other.	   In	   a	   gallery	   space,	   PCASO’s	   technical	   approach	   of	  converting	  music	  into	  art	  is	  a	  fascinating	  subject	  for	  an	  exhibit.	  Imagine	  a	  situation	  in	  which	  someone	  could	  plug	  in	  their	  iPod,	  choose	  a	  song,	  and	  watch	  as	  the	  program	  began	   translating	   it	   into	   a	   visual	   image.	   Besides	   the	   spectacle	   of	   it,	   this	   type	   of	  experience	   would	   serve	   to	   broaden	   our	   perceptions	   of	   music.	   It	   forces	   us	   to	   ask	  more	  questions,	  observe,	  and	  learn.	  	  The	   research	  and	   information	  continues	   to	  build,	   and	  new	  associations	  have	  been	  found	   and	   documented.	   In	   order	   to	   focus	   these	   findings,	   which	   so	   far	   have	   been	  pretty	  consistent	  throughout	  the	  various	  research	  and	  studies,	  we	  developed	  a	  table	  that	   pairs	   the	   music	   and	   artistic	   elements	   we	   can	   map	   (Figure	   3.1).	   The	   bolded	  content	   is	  what	  has	  been	   found	  and	  confirmed	   from	  various	  research	  and	  articles,	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and	  the	  non-­‐bolded	  items	  are	  informed	  assumptions	  we	  have	  made	  that	  will	  help	  in	  the	  construction	  of	  the	  ‘base-­‐model’	  of	  PCASO.	  	  
	  
Table	  6:	  Audio-­‐Visual	  Pairings	  for	  PCASO	  We	   have	   also	   devised	   a	   method	   of	   developing	   artwork	   based	   off	   of	   the	   core	  components	  manually	   (Appendix	   F).	   This	  was	   helpful	   in	   truly	   understanding	   how	  complex	  and	  analysis-­‐heavy	  achieving	  a	  program	  like	  PCASO	  would	  be.	  It	  also	  shed	  some	   light	   on	   the	   design	   planning	   of	   the	   program’s	   art	   generation	   and	   the	  limitations	  of	   the	   art	   if	   it	   does	  not	  have	  a	   complete	   and	   comprehensive	   system	  of	  analyses	  and	  mapped	  parameters	  to	  draw	  from.	  	  
Chapter	  4:	  Conclusion	  and	  Suggestions	   for	  Future	  Development	  
of	  Project	  	  The	   onset	   of	   this	   project	   presented	   a	   variety	   of	   unknowns	   that	   all	   had	   to	   be	  undertaken	  within	   the	   limited	   timetable.	  Approaching	   this	   from	  the	  more	  creative	  side	  of	  things,	  we	  were	  not	  aware	  at	  how	  robust	  the	  technical	  requirements	  for	  the	  implementation	   of	   the	   program	   were.	   After	   consulting	   with	   an	   experienced	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programmer,	  we	  learned	  that	  in	  order	  to	  develop	  a	  program	  that	  reached	  even	  the	  beginning	  stages	  of	  what	  our	  goals	  were	  would	   take	  a	   lot	  of	   time	  and	  a	  dedicated	  team	   of	   programmers	   as	  well	   as	   the	   assistance	   of	   people	  who	   specialize	   in	   sonic	  analysis	  and	  platforms	  like	  Matlab.	  The	  idea	  of	  such	  an	  interdisciplinary	  project	  was	  exciting,	  and	  it	  was	  only	  when	  we	  began	  our	  research	  that	  we	  found	  out	  how	  many	  components	   actually	   go	   into	   the	   development	   of	   this	   theory.	   Music	   theory,	   art	  theory	   and	   practice,	   biology,	   psychology,	   philosophy,	   anthropology,	   and	   more	   all	  contribute	   to	   the	   task	   of	   finding	   the	   cross-­‐modal	   associations	   we	   are	   pursuing.	  Ideally,	   this	   project	   would	   continue	   with	   specialists	   in	   each	   of	   these	   disciplines	  coming	  together	  and	  using	  their	  knowledge	  to	  blend	  these	  separate	  professions	  into	  a	   cohesive	   think	   tank.	   A	   strong	   team	   of	   programmers	   will	   be	   working	   on	  implementing	   the	   multitude	   of	   parameters	   that	   need	   to	   be	   considered	   and	  manipulated	  for	  the	  PCASO	  program.	  	  If	   we	   were	   to	   make	   suggestions	   for	   the	   continuance	   of	   this	   project,	   we	   would	  strongly	   advise	  more	   research	   into	   the	   influence	  of	   culture	  and	  how	   it	   affects	  our	  thinking	  patterns	  as	  well	  as	  the	  psychological	  implications	  culture	  and	  society	  play	  in	  our	  development	  of	  visual	  and	  sonic	  understanding.	  It	  would	  also	  be	  beneficial	  to	  look	   further	   into	   the	   associations	   of	   mood	   and	   color	   and	   whether	   there	   are	  neurological	   reasons	   why	   certain	   colors	   convey	   a	   specific	   emotion.	   It	   would	   be	  further	  valuable	  to	  continually	  read	  articles	  and	  studies	  about	  music	  and	  cognition	  and	  music	  and	  its	  cross-­‐modal	  connections.	  The	  research	  available	  is	  astounding	  but	  what	  has	  been	  surprising	   is	  how	  much	  of	   it	   seems	  disconnected	  –	   like	  each	  of	   the	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articles	   has	   existed	   for	   itself.	   Continuing	   to	   adapt	   and	   expand	   the	   Audio-­‐Visual	  Pairings	  table	  developed	  for	  the	  use	  of	  this	  project	  (Table	  6)	  would	  be	  beneficial	  in	  linking	   the	   existing	   research	   that	   has	   already	   been	   documented.	   Much	   of	   the	  research	  available	  agrees	  on	  many	  of	  these	  universal	  associations,	  but	  each	  presents	  the	  data	  in	  a	  slightly	  different	  way	  or	  focused	  on	  a	  particular	  element	  others	  did	  not:	  bringing	  these	  studies	  together	  into	  a	  cohesive	  document	  will	  be	  beneficial,	  not	  only	  for	  this	  project,	  but	  for	  any	  project	  that	  has	  an	  interest	  in	  this	  field	  of	  research.	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APPENDIX	  B:	  Preparation	  of	  Survey	  
Mental Imagery of Music and Art Survey 
Fulfillment of interactive qualifying project: PCASO 




Mental imagery is a cognitive process in which the brain perceives a mental 
representation of an object, experience, or memory. Most often, it is understood in 
the context of visual imagery, or, the perception and representation of visuospatial 
information within the mind. Due to the enigmatic nature of complex cognitive 
processes such as this, the research of mental imagery is divided among numerous 
branches of study including cognitive and neuroscience, psychology and even 
philosophy. One topic of study, which falls somewhere in-between all four 
aforementioned branches, is the relationship between auditory and visual mental 
imagery. More specifically, the exact cognitive associations between music and 
visual art and the mental imagery they evoke.  
 
 
Both art and music operate on some of our most potent senses: sight and sound. 
These two senses have long been to known to be very influential in the formation of 
our memories and perceptions. Both can evoke powerful emotions or prompt the 
brain to recall specific memories in vivid detail. In tandem they are even more 
evocative. It is also understood that both senses, experienced independently, can 
prompt the brain to recall the other sense, even when input from that sense is not 
present. Think, for example, of the sound of a siren. Due to associations within the 
brain, this sound will evoke an image of a siren as well. Understanding the 
underlying connections between the two is an ongoing topic of study, and one which 




The following survey attempts to help define specific associations between music 
and art. For each question, you will be presented with either an image, an audio clip 
or some of both and asked to analyze or observe something about the piece. Below 




Please do not spend too long on any question. Your initial response to the piece in 







*presented with an image 
If this work was a genre of music, which would it most represent? 
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 - rock, pop, classical, jazz, other 




*presented with an image 
If this work was a song, which of the following would most accurately describe it? 
 - slow waltz, harsh rap, ambient electronic, rock ballad, other 




*presented with 2 images 
If these images were represented as two songs, which song would be louder in 
general?  




*presented with 2 images 
If these images were represented as two songs, which song would have a faster 
beat?  




*presented with an audio clip and 2 images 
Which of the two images most accurately represents the audio clip? 




*presented with an image and 2 short audio clips 
Which of the two audio clips most accurately represents the work of art? 




*presented with an audio clip 
If this audio clip was a color, which color would it be most like? 
 - red, yellow, green, blue, other 




*presented with an image 
If this image were a collection of sounds, how would you describe them?  
PROMPT: Think in terms of pitch, loudness, mood, overall descriptors. Avoid listing 
actual sounds such as yelling, clapping, or a siren. 
 - free response 
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9. 
*presented with an audio clip 
If this audio clip were a work of art, how would you describe the art?  
PROMPT: Think in terms of color palette, mood, basic imagery, style. Avoid 
describing a scene. 
 - free response 	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Appendix	   I:	   Survey	   of	   Art	   and	   Music	   Perceptions	   with	   College	   Freshman	   English	  Students	  at	  Quinsigammond	  Community	  College	  
DAY 1 
 
Kindinsky Painting – Composition VIII – 1923 
 
Directions: As you view this painting, please answer as many questions as 
you can, that pertain to you: 
 
1. What emotion(s), if any, does this painting evoke (stir up in you)? 
 
 
2. Does this painting make you SEE something in particular? 
 
3. Does this painting remind you of any SMELLS? 
 
4. Does painting remind you of any certain textures (TOUCH)? 
 
 





6. What comes to your mind when you study this painting? 
 
  
7. What do you think is the overall message in this painting? 
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8. What title would YOU give to this painting? Feel free to use alliteration. 
 
 
9. For your final task, please create an analogy to help us understand what 
you’re thinking. “This painting makes me feel (think, remember, wonder, or 








Musical Composition – War of 1812 Overture - Tchaikovsky 
 
Directions: As you listen to this musical piece, please answer as many 
questions as you can, that pertain to you: 
 
5. What emotion(s), if any, does this musical piece evoke (stir up in you)? 
 
 
6. Does this musical piece make you SEE something in particular? 
 
7. Does this musical piece remind you of any SMELLS? 
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9. What comes to your mind when you hear this musical piece? 
 
  
10. What do you think is the overall message in this musical piece? 
 
 




12. For your final task, please create an analogy to help us understand what 
you’re thinking. “This musical piece makes me feel (think, remember, 
wonder, or fill in your own verb)…”  	  
